INTRODUCTION
============

Gallstone disease is the most common global indication for abdominal surgery. The prevalence of gallstones increases with age in both sexes and in nearly all populations; in older individuals the prevalence ranges from 20% to 30% and increases to 80% for institutionalized patients older than 90 years \[[@B1],[@B2],[@B3]\]. Since the introduction of laparoscopic cholecystectomy (LC) nearly two decades ago, and the more recent use of it as an outpatient procedure, many surgeons now view cholecystectomy as a relatively simple procedure from which patients recover quickly \[[@B4]\]. Cholecystectomy for symptomatic gallstone disease is more common in elderly patients as the incidence of gallstones increases with age \[[@B5]\]. Also, advanced age with its concomitant comorbid conditions may be associated with increased postoperative LC complications \[[@B6]\]. Few studies have demonstrated the advantages of LC for the geriatric population, and most have only investigated LC in patients older than 65 years, while very few have investigated LC in patients, older than 80 years \[[@B7],[@B8]\].

As global life expectancy continues to increase, the proportion of patients over 80 years who are undergoing LC is increasing; therefore, we aimed to evaluate their clinical outcomes.

METHODS
=======

A retrospective study was conducted in 302 patients who had undergone LC for acute cholecystitis (AC) in a single institution and performed by one surgeon between January 2011 and December 2013. The study population included 147 females (48.7%) and 155 males (51.4%), with a median age of 58 years (range, 19-96 years). Patients were classified into three groups according to their age. Group 1 included 176 patients (58.3%) younger than 65 years (91 males and 85 females), with a median age of 46 years (range, 19-64 years). Group 2 included 91 patients (30.1%) aged 65 to 79 years (46 males and 45 females), with a median age of 70 years (range, 63-77 years). Group 3 included 35 patients (11.6%) older than 80 years (18 males and 17 females), with a median age of 83 years (range, 80-96 years). Exclusions from the study included patients with gallbladder polyps, adenomyomatosis, and gallbladder cancer.

Age group was the primary independent variable of interest. Clinical covariates included percutaneous transhepatic gallbladder drainage (PTGBD) and endoscopic retrograde cholangiopancreatography (ERCP). Outcomes of interest were preoperative laboratory values, severity grade of AC, indication for surgery, American Society of Anesthesiologists (ASA) score, operating time, conversion to open surgery, complications, mortality, and postoperative hospital stay (from operation to discharge). Severity grade of AC was determined by new diagnostic criteria and severity assessment of AC in revised tokyo guidelines \[[@B9]\]. Grade III (severe) AC is associated with dysfunction of any one of the following organs/systems; (1) cardiovascular dysfunction - hypotension requiring treatment with dopamine ≥5 mcg/kg per minute, or any dose of norepinephrine, (2) neurological dysfunction - decreased level of consciousness, (3) respiratory dysfunction - PaO~2~/FiO~2~ ratio \<300, (4) renal dysfunction - oliguria, creatinine \>2.0 mg/dL, (5) hepatic dysfunction PTinternational normalized ratio (INR) \>1.5, (6) hematological dysfunction - platelet count \<100,000/mm^3^. Grade II (moderate) AC is associated with any one of the following conditions; (1) elevated WBC count ( \>18,000/mm^3^), (2) palpable tender mass in the right upper abdominal quadrant, (3) duration of complaints \>72 hours, (4) marked local inflammation (gangrenous cholecystitis, pericholecystic abscess, hepatic abscess, biliary peritonitis, emphysematous cholecystitis). Grade I (mild) AC does not meet the criteria of \"grade III\" or \"grade II\" AC. Complications included common bile duct (CBD) injury, bile leakage, hematoma in gallbladder fossa, intraoperative bleeding, and wound infection. Hematoma in gallbladder fossa is defined as hematoma formation in a depression lodging the gallbladder on the undersurface of the liver anteriorly, between the quadrate and the right lobes. It could be detected by enhanced computed tomography. Intraoperative bleeding is defined as bleeding from cystic artery and liver that can\'t stop the bleeding by laparoscopic procedure. Operative time and ASA score were obtained from anesthesia records ([Table 1](#T1){ref-type="table"}).

Surgical procedure
------------------

Pneumoperitoneum was established using Hasson technique. The abdomen was insufflated with carbon dioxide gas with a preset pressures of 12 mmHg. The patient was moved to the reverse Trendelenburg position with the left side down. We used the single surgeon technique three port LC using thirty degree operating telescopes with an 11-mm infraumbilical port, a 5-mm subxyphoid, and a 5-mm subcostal ports were used. There were no cases where the single surgeon needed for additional ports. The cystic duct and cystic artery were clipped using a 5-mm multiple clip application all patients. The resected specimen was inserted into a protective endo-bag and was retrieved through the umbilical port site.

Statistical analysis
--------------------

Statistical analysis of the data was performed using the IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). Quantitative variables were expressed as medians and ranges, and qualitative variables were expressed as frequencies and percentages. The chi-square test was used to evaluate any potential association between three categorical variables. One way analysis of variance was used to assess differences continuous variable between the three groups of patients. Statistical significance was considered for P-values less than 0.05.

RESULTS
=======

The demographic characteristics of the study patients are shown in [Table 1](#T1){ref-type="table"}. No difference in sex distribution was seen between the groups. Most of underlying disease in group 3 were diabetes mellitus, hypertension, cerebrovascular attack history, and pulmonary disease. Patient\'s physical status is more important than underlying disease. So, we used ASA score that is a system for assessing the fitness of cases before surgery. ASA score was compared by chi-square. There was a significant differences in each group (P \< 0.001). The percentage of the high-risk patients (defined as an ASA score ≥ 3) was not significantly different between the groups (P = 0.638).

Preoperative results
--------------------

The severity grade of AC was significantly higher in group 3 compared to that in the other groups (P = 0.036). The preoperative laboratory results included WBC counts, and values for serum AST, ALT, and serum total bilirubin. The WBC count was significantly higher group 3 compared to that in the other groups (P = 0.001). Although total bilirubin, AST, and ALT levels were higher in group 3, they were not significantly different from those in the other groups. Preoperative PTGBD was performed more frequently in group 3 than in the other groups (P = 0.040). Additionally, preoperative ERCP with an endoscopic sphincterotomy (ES) was performed more often in group 3 for removal of CBD stones, than in the other groups (P \< 0.001). Moreover, group 3 patients had more frequent visits to the emergency room with acute abdomen compared with patients from the other groups (P \< 0.001) ([Table 1](#T1){ref-type="table"}).

Outcomes
--------

Conversion to open cholecystectomy (OC) was required in three out of the 35 patients in group 3 due to inadequate visualization of internal structures. Open surgery was required in three of the 91 patients in group 2 and two of the 176 patients in group 1 and the difference was statistically significant (P = 0.039). Operating time (58 minutes *vs*. 46 minutes and 50 minutes, P = 0.006), and postoperative hospital stay (6.7 days *vs*. 3.6 days and 4.2 days, P = 0.002) were higher in group 3 than in the other two groups. Group 3 patients had more severe inflammation with higher WBC count and, AST levels, and more CBD stones, and ER visits. Additionally, group 3 patients had a higher incidence of postoperative hematoma in the gallbladder fossa and intraoperative bleeding, but the difference was not significant (P = 0.100 and P = 0.100). The frequency of wound infection and CBD injury was comparable between the groups ([Table 2](#T2){ref-type="table"}).

We also found that the conversion rate was associated with preoperative PTGBD and ERCP. The conversion rate was higher in the PTGBD group, but the difference was not significant (8.3% *vs*. 1.8%, P = 0.071). Furthermore, the PTGBD group had a significantly longer operating time compared to that in the non-PTGBD group (67 ± 30 minutes *vs*. 47 ± 18 minutes, P \< 0.001). The PTGBD group had a longer, but not significantly different, postoperative stay (5.9 ± 5.7 days *vs*. 3.9 ± 4.6 days, P = 0.054). The conversion rate was higher, but not significantly different, in ERCP group than in the non-ERCP group (2% *vs*. 3.8%, P = 0.555). The ERCP group had significantly longer postoperative stay compared to that in the non-ERCP group (5.9 ± 9.2 days *vs*. 3.7 ± 3 days, P = 0.003). In these cases, ERCP with ES followed by an immediate LC was our standard policy, instead of the laparoscopic CBD clearance procedure preferred by others.

Multivariate logistic regression analyses were performed to evaluate the role of potential confounders on the observed relationship of patients\' age group with conversion to open surgery and complications. Being older than 80 years was a strong independent risk factor for conversion to OC (odds ratio, 2.84; 95% confidence interval, 1.15-7.03; P = 0.023). ER visit was associated with conversion to OC (P = 0.043). But severity grade of AC was not independent risk factor for conversion and complications. Moreover, male gender, high AST, and ERCP were associated with higher complication rates. The relationship of conversion to OC and development of complications with patients\' characteristics is presented in [Table 3](#T3){ref-type="table"}. There was no bile leakage and mortality was reported.

DISCUSSION
==========

The global population is aging. Census predictions indicate that from 1995 to 2020 the percentages of the population aged 65 years or older will increase from 12.8% to 15%, 75 years or older will increase from 5.6% to 6.8% and 85 years or older will increase from 1.4% to 2% \[[@B10]\]. The increasing age of the population has lead to an increasing prevalence of gallstones; therefore, cholecystectomy is a common operation in ageing patients \[[@B11],[@B12]\].

The clinical sequelae of AC can include cholangitis, septic shock, and even death. For these reasons, current management of AC is primarily intravenous antibiotics, followed by prompt cholecystectomy \[[@B13]\]. In physiologically compromised patients, biliary drainage can be accomplished percutaneously, with the goal of cholecystectomy or tube removal after several weeks of biliary decompression and medical optimization \[[@B14],[@B15],[@B16]\]. Advanced age is frequently associated with significant comorbidity and limited functional reserve, which is associated with higher rate of complications, and longer hospital stay. The extremely elderly (≥80 years) have the worst outcomes and may be considered as a separate group. Kuy et al. \[[@B4]\] have shown that patients aged ≥80 years are ≥3 times more likely to need blood transfusions and to require continuous mechanical ventilation and ≥5 times more likely to develop aspiration pneumonitis. Therefore, for high-risk elderly patients, a more conservative approach, including the administration of intravenous fluids and antibiotic therapy, is preferred. PTGBD is a minimally invasive radiologic procedure designed to decompress the acutely inflamed gallbladder in patients who are unresponsive to medical therapy, or who are at high risk for cholecystectomy \[[@B17],[@B18]\]. Elderly patients with AC may be categorized into following groups in our institution; (1) PTGBD only, (2) surgery following PTGBD, (3) surgery without PTGBD. Basically the surgical indication for laparosopic cholecystitis in the elderly patients with AC in our institusion depends on patient\'s physical performance status and general condition. For high-risk elderly patients, a more conservative approach, including PTGBD and antibiotic therapy, is preferred. The extremely elderly frequently present with several biliary diagnoses and complicated gallstone disease, which explains the higher rates of complications, and mortality usually seen in this group ([Table 4](#T4){ref-type="table"}) \[[@B19],[@B20],[@B21],[@B22],[@B23]\]. The goal of treatment for the elderly is to provide them with the best possible quality of life with the lowest physiological cost. Several retrospective studies have shown that most elderly patients undergoing LC do well, but when compared with younger patients, the elderly have higher rates of conversion to OC, somewhat longer postoperative stays, and more complications \[[@B4],[@B7],[@B16]\]. In this study, the rate of conversion to OC was 8.5% inpatients older than 80 years (group 3) and was higher than that observed for younger patients (group 1, 1.1%, and group 2, 3.2%). The conversion rate from LC to OC in elderly patients is reported to range from 5% to 27% \[[@B4],[@B7],[@B16],[@B20],[@B21],[@B22],[@B23],[@B24]\].

The conversion rate most likely depends on the relative experience of the surgeon with the procedure and on individual patient factors or selection. In this series, we did not select of patients and we performed an analysis to determine if there were factors that had an impact on the outcome of LC. The correlation between age and conversion has been previously reported in elective surgery for cholelithiasis \[[@B7],[@B16]\] as well as in AC \[[@B23]\]. In this series, age was an independent predictor of conversion. Compared with previous published reports, we showed ER visit was an independent predictor of conversion. We showed preoperative WBC count, AST level, and ER visit were significantly higher in group 3 than in the other groups. This study highlights the severity grade of AC seen in older people and it may explain the prolonged operating time and postoperative hospital stay. The degree of inflammation and adhesions in the region of the gallbladder is particularly severe in the elderly and was responsible for most of the conversions in our study. The most important advantage of LC in elderly patients may be the associated reduction in morbidity and mortality rates. In our study, we found that the complication rate was higher in patients older than 80 years (group 3, 3.3%) compared with younger patients (group 1, 1.1% and group 2, 2.1%; P = 0.620). This compares favorably with previous reports of the rates of complications \[[@B4],[@B7],[@B16],[@B19],[@B20],[@B21],[@B22],[@B23],[@B25],[@B26],[@B27]\]. Factors that were found to be associated with complications in group 3 patients were male gender, high AST, and ERCP.

This study has several limitations. First, retrospective analysis carries the potential for selection bias and systematic error. We acknowledge, however, the possibility for residual confounding from both measured and unmeasured variables. Second, the study is limited in that it lack an economic analysis; total cost may be more important than merely length of hospital stay in terms of making healthcare decisions. Third, we did not analyze long-term quality of life and functional outcome. It is not clear that short-term benefits translate into better outcomes in the long term. For instance, a recent study demonstrated no differences in health-related quality of life between patients randomized to OC or LC, either 1 month or 1 year postoperatively \[[@B28]\]. Fourth, we did not consider partial cholecystectomy. Chang et al. \[[@B29]\] were reported that among high-risk patients with AC, 88.3% were managed with percutaneous cholecystostomy (PC) without relapse within a median follow-up period of 38.1 months, despite radiologically severe AC in some patients. Our study did analyze clinical outcome for only surgery patients. We did not consider that a temporary PC can be a first-line treatment for AC without interval cholecystectomy. PC can be alternative techniques to standard cholecystectomy as a safe procedure for treating complicated AC. It should be evaluated in future studies. Fifth, we did not evaluate physiologic complications of pneumoperitoneum. Pneumoperitoneum for laparoscopic surgery may be harmful to elderly patients with underlying comorbidity, especially cardiopulmonary disease, because pneumoperitoneum itself can be physical stress during longer operation time for them. The pneumoperitoneum required for laparoscopic surgery leads to several important hemodynamic alterations. Cardiac output decreases by up to 30% during laparoscopic surgery, due to a decrease in stroke volume. Pneumoperitoneum also causes an increase in systemic vascular resistance. As a result, mean arterial pressure remains unchanged or increases up to 16% \[[@B30]\]. Therefore, patients with marginal cardiac performance may warrant invasive cardiac monitoring to assure they tolerate pneumoperitoneum.

In conclusion, this study has shown that LC can be performed safely in the extremely elderly patients. However, the presence of inflammation is the main factor that influences the adverse outcome of LC in the elderly. Although the current study group was small, we found that LC in older than 80 years is a relatively safe procedure that can be accomplished with acceptable low morbidity and mortality. This is consistent with the findings of previous studies. Therefore, LC should be considered and encouraged for this age group of patients with uncomplicated gallstone disease before advanced disease develops. Given that the elderly now lead increasingly active lifestyles, the rapid return to baseline functional status may be a hallmark benefit of a minimally invasive surgical approach.
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###### Demographics of extremely elderly compare with nonelderly patients
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Values are presented as mean ± standard deviation or number (%).

AC, acute cholecystitis; ASA, American Society of Anesthesiologists; PTGBD, percutaneous transhepatic gallbladder drainage; CBD, common bile duct; ERCP, endoscopic retrograde cholangiopancreatography; ER, emergency room.

###### Laparoscopic cholecystectomy outcomes according to age
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Values are presented as number (%) or mean ± standard deviation.

CBD, common bile duct.

###### Preoperative factors associated with conversion and complications

![](astr-88-145-i003)

ASA, American Society of Anesthesiologists; PTGBD, percutaneous transhepatic gallbladder drainage; ERCP, endoscopic retrograde cholangiopancreatography; ER, emergency room; AC, acute cholecystitis.

###### Comparative results from published reports
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ASA, American Society of Anesthesiologists.
